Abstrak
that there will be 194 millions people suffering from diabetes mellitus in the world. [2] [3] [4] The incidence of transtibial amputations in Indonesia reaches 25-30% of the overall incidence of lower limbs amputation. 3, 4 It is the best level for peripheral artery disease caused by diabetes mellitus, because there is still large blood vessel to vascularization. The remaining of gastrocnemius and soleus muscles will be suitable to be used as skin flap to serve as good cushion for prosthetic. 5 Diabetes mellitus (DM) is a symptom of diseases characterized by increased blood glucose levels due to the inability of the body to produce insulin, or receptor resistance, or both. Indonesia is the fourth-ranked country in the world after India, China and America in the number of diabetics mellitus. 1 According to data of Riset Kesehatan Dasar (Riskesdas, Basic Health Research) 2007, there were 5.7% of the total population in urban areas in Indonesia, suffering DM. By 2030, WHO (World Health Organization) estimated Common complication are stump edema, pain (stump pain and phantom pain), knee joint contractures and impaired wound healing as a result of prolonged use of functional prosthetic. Another disadvantage is the long duration of rehabilitation period making less costeffective. [6] [7] [8] The main principle of rehabilitation after transtibial amputation is to control edema and pain so that the maturation of stump can be facilitated as soon as possible. Stump is considered mature when it has obtained a conical shape form, no edema, no stump pain and soft tissue atrophy occurred around the stump. 6, [9] [10] [11] There are several ways of dressings after transtibial amputation that had long been done by the clinician, they are the soft gauze, elastic bandage and Removable Rigid Dressing (RRD). Elastic bandage is a conventional method of dressing after transtibial amputation using a figure of eight technique to control edema and pain. 7, 11, 12 Complications that often arise from the use of elastic bandage is the emergence of dogears and tourniquet effect due to errors in the installation process, resulting in ischemia at distal stump, causes necrosis and damage to the skin flap on the stump. 9, 13 In a study conducted by Deutch et al, 14 it was found that the emergence of skin flap breakdown caused by elastic bandage after transtibial amputation resulted in the delay of stump healing process (RRD 51.2 + 19.4 days compared with 64.7 + 29.5 days with elastic bandage).
Another alternative in controlling edema and pain after transtibial amputation is by using RRD, which is made of Plaster of Paris. It aims to reduce the adverse effects of elastic bandage use and the use of RRD allows continuous monitoring of wound healing. RRD study was initiated by Wu et al 9 which used RRD found wound healing after transtibial amputation caused by trauma. Further studies was conducted by Mueller et al, 13 Deutsch et al, 14 and Janchai et al. 15 This four studies compared the effects of the use of RRD with elastic bandage. These studies result showed that RRD speeds up the relieve of stump edema. Furthermore, it has not been found to have beneficial effect on diabetes mellitus. 9, 11, 16 The purpose of this study was to examine the effectiveness of the use of RRD compared with elastic bandage in patients with diabetes mellitus after transtibial amputation. The hypothesis was that there are differences in volume reduction rate decreased stump edema and stump pain in patients with diabetes mellitus after transtibial amputation who get RRD compared with elastic bandage.
METHODS
This study was a clinical trial on patients with diabetes mellitus after transtibial amputation in three hospitals, Cipto Mangunkusumo, Persahabatan and Marzuki Mahdi General Hospitals from June 2010 until January 2012. Sampling was conducted by using consecutive sampling and randomization through a block of two to divide subjects into two groups: elastic bandage group as controlled group and the group receiving treatment RRD.
Study subjects
Inclusion criteria were diabetes mellitus patients after transtibial amputation within 1 month, visual analog scale (VAS) > 3, controlled blood glucose, ankle brachial index (ABI) from 0.8 to 1.2 and has agreed to participate on the study by giving the informed consent. Exclusion criteria were patients with impaired immunity (leucocytes < 1500/μL), other causes of amputation aside from DM, and the presence of cognitive impairment and handicap in hand, unless the patient had a care assistant who can help with the application of the elastic bandage. Subjects will be excluded from the study if there is damage to sutures skin flap in the RRD group.
From the total of 26 subjects who were suitable to the inclusion and exclusion criteria, there were 23 subjects to be divided into RRD group (12 subjects) and elastic bandage group (11 subjects), and had performed statistical analysis. Two subjects died during the study period and one person refused to participate in the study.
Study procedures
The subjects who met the inclusion and exclusion criteria were asked to sign the informed consent to be enrolled in the study. The procedure was followed by measurement of initial stum edema volume and stump pain scale. Stump edema volume was measured by the amount water spilled out from volume glass. Stump pain was evaluated by using visual analog scale (VAS) between 0 to 10 (0 indicates no pain and 10 indicates unbearable pain). Stump edema volume and stump pain were evaluated every 7 days during 8 weeks intervention.
Intervention given to the control group was dressing by using elastic bandage with figure of eight technique, which was reapplied every 4 hours. RRD were fitted from Plester of Paris at first week and was refitted every 7 days for a total 8 weeks intervention. During the use of RRD, patients were required to wear an extra layer of socks (maximum 4 layers) under the RRD to provide continuously total contact between the stump and RRD. Stumps were not considered if edema obtained was accompanied by the change RRD 
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Study flowchart
Diabetes patients post-transtibial amputation who was suitable to inclusion and exclusion criteria Initial measurement of stump edema volume and stump pain scale
Control group
Intervention: elastic bandage by figure of eight technique.
Elastic bandage was reapplied every 4 hours each day
Intervention group:
RRD by plester of paris molded, and would be refitted every 7 day during the 8 weeks intervention
Extra shock under RRD to maintain total contact pressure (maximum 4 layer)
Stump edema and pain were evaluated every 7 days during the 8 weeks intervention Average time to become no edema and no pain Randomization in volume of stump edema in three consecutive measuremens. Each subject will be evaluated for stump edema volume and VAS scale every 7 days for 8 weeks of observation ( Figure 1 ).
Data analysis
Data management was done with SPSS version 17.0. Test for normality of data known to coefficient of variance (CoV). Bivariate analysis performed to determine the comparative distribution of confounding variables in the control group and treatment, and performed multivariate analysis to assess factors -the dominant factor affecting the decline in the volume of edema and stump pain. Unpaired t test was performed to evaluate the acceleration for decreasing stump edema volume, and stump pain between two groups. Then performed survival analysis using Cox regression to assess the RR (relative risk) between the relationships of time it takes for the stump become not edema.
RESULTS
Basic characteristics of study subjects can be seen in table 1. Reduction of stump pain scale Table 4 shows a reduction of stump pain scale until the end of the study. There was no statistically significant difference (p > 0.05) in both study groups, but there was a tendency of decreasing in VAS scale to higher and faster in the RRD group than the elastic bandage group. RRD group will reach a condition of stump with no pain in 4.83 ± 1.946 weeks and in the elastic bandage group in 5.18 ± 2.31 weeks, although the result was not statistically significant (p = 0.699).
Reduction of stump edema volume
Cox regression test and the value of RR
Multivariate analysis was performed by using backward technique in Cox regression test to evaluate the influences of each variables in the acceleration of decreasing stump edema volume and stump pain. Based on these tests, it was found that the intervention was statistically significant for RRD and elastic bandages to decrease stump edema volume. A value of RR obtained 3.088 (CI 95%: 1.128-4.916). It means that the RRD decreased stump edema volume three times faster than the elastic bandage.
DISCUSSION
One of the conditions affecting the rehabilitation of patients with diabetes mellitus after transtibial amputation is the infection which resulted in inhibition of wound healing process due to hyperglycemic conditions. It will cause interference with immune function and inhibits the proliferation of collagen maturation. The major goal after transtibial amputation is to accelerate inflammatory process that can reduce stump edema faster, may periodically evaluate the wound and can speed up the fitting of a functional prosthesis. 17, 18 Reduction in stump edema volume was three times faster in the first 2 weeks RRD. It was influenced by several factors. First, the total contact pressured by RRD and evenly distributed across the surface of the stump, thus prevent it to become loose when the stump edema volume begin to shrink or during movement. The condition is different when using elastic bandage, in which the total contact is easy to become loose by moving stump. Fairly distributed pressure can reduce the number of simultaneous extravasation fluid volume to the stump area, reducing the amount of inflammatory cell chemotaxis and substances that migrate into the stump area. As a result, reduced inflammatory process can be accelerated, resulting in a speed up of wound healing and no further stump edema formation. The second factor is due to ability of both subject and care giver in application of elastic bandage in the elastic bandage group who were still learning to apply the figure of eight technique properly. The third factor is that RRD can withstand trauma and movement has minimal impact on trauma. As a result of acceleration of wound healing process, RRD study group experienced a faster stump edema relieve by three times compared to the elastic bandage group. Clinically, acceleration in decrease stump edema volume could speed up stump maturity and thus enable postamputation patients to use a functional prosthetic to do their activitiy of daily living as soon as possible.
This result consistent with previous studies conducted by Wu et al, 9 Mueller et al, 13 Deuscth et al 14 and Janchai et al. 15 The present study found that the administration of RRD could accelerate the decline in the volume of stump edema, although the result was not statistically significant.
Insignificant result of reduction of VAS scale is due to by several consideration. First, the pain was reduced by decreasing the stump edema volume in both interventions. Second, subjects felt more comfortable and relatively less painful each time the RRD is changed or if elastic bandage when reapplied every 4 hours. The total contact of RRD and elastic bandage when reapplied every 4 hours were tight enough to reduce and accelerate decrease of stump pain. It is one method that helps to reduce stump pain by working as a gate control theory that activation of Aα and Aβ nerve fibers would inhibit the delivery of the type C nerve fibers that serve to deliver sensation of pain. 9, 19, 20, 21 The third factor is the presence of peripheral neuropathy experienced by the subjects before amputation. 17, 21 Fifty percent of patients with diabetes mellitus experienced peripheral neuropathy. This is consistent with the study done by Emelia J et al 22 which found that peripheral neuropathy occurred in 88.2% of the subjects of diabetic foot ulcers who underwent major amputation. 23 There were two additional results from this research. First, there were no significant differences in terms of the disappearance of phantom pain in both treatment groups. Phantom pain is pain experienced by patients with post-amputation from an already amputatedlimbs. The absence of phantom pain occurs because the majority of patients with diabetes mellitus who have peripheral neuropathy occurred pre-amputation. Therefore, most of the subjects did not feel the sensation of pain in the leg to be amputated, and the result is not formation of the engram in the brain about the experience of pre-amputation pain. The absence of preamputation pain sensation will relieve phantom pain phenomenon faster. 8, 16 The results are consistent with the study by Emelia J et al 22 who observed that only 8.8% of research subjects who are still complaining about phantom pain after major amputation.
Second, the formation of conical shape on the stump statistically significant in the RRD group (p = 0.009). Subject in RRD group felt safe and comfortable using the RRD, while those in the elastic bandage group experienced a side effect of damage to the skin flap. Additional results are further strengthened by the use of research results that the RRD in patients with transtibial amputation stump can accelerate stump maturity which are marked with a conical shape form of stump, no edema and no pain, and the prevention of complications of damage to the skin flap during the time of the post-amputation rehabilitation.
Limitations of this study are small sample size and only meet 80% of the power of the study. This is due to the difficulty of finding subjects, because there has been establishment of integrated foot care management of diabetes mellitus that transtibial amputation action decreases dramatically nowadays.
In conclusion, the use of RRD was found to be statistically significant in accelerating the decline in stump edema volume and decreasing the stump edema volume up to three time faster for stump become not edema. RRD could accelerate the stump maturity, which is characterized by a conical shape, no edema and no pain, compared with the use of elastic bandages in patients after transtibial amputation. Moreover, the use of RRD also has an effect of accelerating the stump pain relieve compared to elastic bandage, although the result is not statistically significant.
It is necessary to do further research with a larger sample size to be able to asses the effectiveness of RRD in decreasing stump pain and duration of stump maturation to consider appropriate time of functional prosthetic to be used.
